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Description 

The present invention relates generally to oligonucleotide synthesis and, particularly, to a new and Improved way 
of attaching the first nucleoside to the solid support that enables oligonucleotides to be more easily and effectively 
s synthesized, deprotected and purified. 

Oligonucleotides are polymers built up by polycondensation of ribonucleoside (RNA) or deoxyribonucleoside (DNA) 
phosphates. The availability of synthetic oligonucleotides has revolutionized molecular biology research. Some of the 
most important applications of synthetic oligonucleotides are as primers for DNA-sequencing. as primers in the polymer- 
ase chain reaction (PGR), as probes for the identification and/or isolation of genes, as building blocks for gene synthesis, 
10 and as potential anti-viral compounds in the form of anti-sense oligonucleotides (Ref . 1-3). 

Oligonucleotides can be assembled by repetitive addition of nucleotide monomers using solid-phase methods (Ref. 
4), Since the introduction of solid-phase synthesis by Merrifield (Ref. 5), the following requirements have been worked 
out: (1) The solid support must be insoluble and preferably unswellable in the solvent used. (2) Functional groups on 
the solkJ support must allow covalent binding of the first nucleoside in a reproducible nnanner. (3) The solid support must 
15 be chemically inert to all reagents used during synthesis and deprotection. 

A number of materials have been tested but the most comnnonly used today are controlled pore glass beads (CPG), 
silica, or polystyrene beads (Ref. 4). 

The first 5'-protected nucleoside is attached to the support via an alkylamine spacer through the 3'-hydroxyl function. 
This is normally done by condensation of protected nucleoside 3 -succinate esters with the support-bound alkylamine 
20 (see fig. 1 ) (FR-A-2 529 892). 

This means that four different supports are used, one for each nucleoside (A,C,G,T). Synthesis of oligonucleotides 
is today almost exclusively carried out by fully automated instruments, by the so called 'Gene Machines'. 

The steps needed to carry out the addition of one nucleotide monomer to the growing chain on the solid support 
using the phosphoramldlte method (Ref. 6-8) can be summarized as described below in what is normally referred to as 
2S the synthesis cycle, (see fig. 2). Other methods differ mainly in the nature of the phosphorous moiety (e.g. Phosphotriester 
(Ref. 11), H-phosphonate (Ref. 9-10) method). 

1 . Deprotection of the 5'-hydroxyl group in order to generate the parent hydroxyl cwnpounds. This is normally done 
by treatment of the support with di- or trrchtoroacetic acid in an organic solvent (for renrraval of DMTr). 

30 

2. The support is washed in order to remove traces of acid. 

3. The 5'-hydroxyl group is reacted with the 3*-phosphoramidite moiety of a property protected incoming nucleotide 
(A,C,G or T) in the presence of an activator (e.g. tetrazole) to form a 3'-5*iDhosphite triester. 

35 

4. Excess reagents are removed by washing with an appropriate solvent. 

5. Unreacted 5'-hydroxyl groups are blocked as acetates (capping). 

^ 6. The capping reagents are removed by washing. 

7. The phosphite triester is then oxidized to the corresponding phosphate triester. This is normally done by the action 
of aqueous iodine. 

45 8. The oxidation reagents are removed by washing. 

This process is repeated until the desired oligonucleotide sequence has been synthesized. The difference between 
the cycles is the nucleotide monomer used for coupling in step 3. 

The efficiency of this process is very high. Often, coupling efficiencies above 99 % can be obtained. An inherent 
so problem though associated with any polymer supported, repetitive synthesis is the stability the growing oligonucleotide 
chain to the various reagents that are used during synthesis. One particularly troublesome problem is that of acid-cat- 
alysed depurinatbn of deoxyadenosine (Ref. 1 2), and to a lesser extent deoxyguanosine units, during removal of 5'-pro- 
tecting groups (detritylation). In this process the bond between the heterocyclic base and the deoxyribose unit is cleaved. 

After synthesis, all protecting groups are removed and the oligonucleotide is cleaved from the solkl support (Ref. 
55 1 ). This is normally done by heating in concentrated aqueous ammonia at 50-60**C for several hours. During this treat- 
ment the chains will be cleaved at the points of depurinatbn, thus generating shorter sequences. This can in turn cause 
serious problems during purification. Purification of oligonucleotides can be done by different methods of which electro- 
phoresis and chronnatography are the predominant techniques used. Both ion exchange (I EX) and reversed phase 
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chromatography (RPC) are powerful tools in this process. In RPC there are two basic alternatives namely trityl-on and 
trityl-oft chromatography. In the first case the 5'-protecting groups (DMTr) is left intact at the end of the assembly. It is 
stable during deprotection and conditions used for purification. It is, due to the aromatic ring system, extremely hydro- 
phobic in comparison with the oligonucleotide, and it can therefore be used as a hydrophobic handle during RPC puri- 

5 ficatbn. The product carrying DMTr will elute at a much higher concentration of organic modifer (CH3CN or ethanol) 
than the corresponding product without DMTr. Unfortunately, shorter fragments also carrying DMTr are always found in 
the product mixture. They are formed either as a consequence of chain cleavage at points of depurination as described 
earlier or as a consequence or random chain cleavage during deprotection. The presence of these shorter fragments 
with DMTr cause problems during purification using trrtyl on RPC-chromatography. 

10 By using a chromatography system which can generate a gradient it is possible to obtain a pure product for se- 

quences of at least 1 00 bases in length. After collection of the product fraction the DMTr-group can be rennoved by 
treatment with acetic acid 

The present invention refers to a new way of attaching the first nucleoside to the solid support which is stable to 
the deprotection conditions but cleavable with a specific reagent In this case all shorter fragments with DMTr formed 
during deprotection are easily renrioved by washing the support while the full-length product, also with DMTr, will still be 
imnnobilized. After cleavage from the solid support the product will be very simple to purify by RPC. 

The present invention provides a unique solid support system especially useful in the synthesis of oligonucleotides. 
Specifically, the system of the present invention is characterized by its unique way of attaching the first nucleoside to 
the solid support. The stability of the linkage to the support is such that it is stable to all reagents used in the process. 

^ that is not only for synthesis but also for deprotection. It is nevertheless cleavable by use of very specific reagents. The 
parent 3'-hydroxy compound will be formed in the process. The system of the present invention is unique in several 
ways. It is not only a highly efficient system for synthesis of oligonucleotides but it also greatly simplifies the process of 
purification by trityl-on reversed phase chromatography The reason for the simplified purification is due to the fact that 
the most difficult contaminants from a trityl-on RPC purification point of view (shorter fragments with DMTr) are cleaved 

25 from the solid support during the deprotection step. Since the full-length product (also with DMTr) is anchored to the 
support these contaminants can be removed by a simple washing procedure. The process of purification will in this case 
be simplified to that of separation of fragments without DMTr from the full-length product with DMTr. This can be achieved 
by using a very simple type of chromatography equipment consisting of a disposable RPC-carriage and buffers. This 
should be compared with the need to use a complex chromatography instrument when a conventional support system 

30 Is used. The use of the new support system will also greatly reduce the time needed to perform the purification step. 
The present invention provides much more versatility than previously known support systems. The system is compatible 
with all oligonucleotide synthesis methods (both DNA and RNA) available today. It permits oligonucleotides to be com- 
pletely deprotected while still anchored to the support. 

Supports with immobilized oligonucleotides can in this form be used as hybridization affinity matrices. Some possible 

35 applications of such supports are purification of mRNA, solid phase cDN A synthesis, purification of DNA-binding proteins, 
affinity purification of plasmkis. as a support for gene assembly (from oligonucleotides) etc. 

Even though the linkage between the first nucleoside and the support is completely stable to all synthesis and 
deprotectkxi reagents, which includes both mikJ ackJ (detritylatkxi with TCA/DCA) and mikJ base (deprotection with 
ammonia) it can stilt be cleaved selectively without affecting the oligonucleotide. This process is essentially quantitative. 

^ The solid support system of the present inventktn comprises a solid support and a nucleoside covalent bonded to 

sakJ support wherein the nucleoskJe can be selectively cleaved from the support by the actk>n of a tetratkyl ammonium 
fluoride (Naked fluoride ion). 

In the new support system of the present invention the first nucleoside is bound to the support via a silylether linkage 
and the system is preferably represented by the following formula (1). 
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Wherein B is a nucleoside or deoxynucleoside base; R2 is -H,-OH, or OR5 in which R5 is a protecting group; is 
a protecting group; R3 and R4 taken separately each represent alkyl, aryl, cykloalkyi, alkenyl, aralkyi, cycloalkylalkyi, 
alkyloxy, arybxy, cycloalkyloxy. alkenyloxy and aralkybxy; X is an anchoring group used for covalent bonding to the 
support which is represented by alkyl, aryl, cyck>alkyl, alkenyl, aralkyi, cycloalkylalkyi, alkyloxy, arybxy, cycloalkyloxy, 

20 alkenybxy, aralkybxy and cycbalkylalkybxy; and S is a solid support. Taken together maximally one of H^, R4 and X 
represents alkyloxy, arybxy, cycloalkybxy, alkenyloxy, aralkybxy, and cycloalkylalkyloxy. Preferred are systems where 
Ri is atrityl, monomethoxy trityl, dimethoxytrrtyl or pixy I, group B is preferably adenine, guanine, cytosine, uracil, thymine, 
or inosine. Preferred are also systems in which one of R3, R4 and X is a tertiary alkyl or tertiary alkybxy group, especially 
with ^10 carbon atoms. The other two of R3, R4 and X are preferably alkyl, aryl, alkyloxy, or arybxy groups. 

2S The oligonucleotide synthesis method of the present invention comprises (a) selection of a solid support (b) attach- 

ment of the first nucleoside via a silylether according to formula 1(c) blocking of excess reactive groups on the solid 
support (d) condensation dt nucleotides onto the first nucleoside on the support to synthesize an oligonucleotide (e) 
rermval of all protecting groups on the oligonucleotkie except the S'-protecting group, for instance a S'-dimethoxytrityl 
group and cleavage of apurinic sites formed during acid-catalysed deprotection (f) selective cleavage of the oligonucle- 

30 otide from the support by react bn for instance with a tetraalkylammonium fluoride or hydroxide an6 (g) purification of 
the oligonucleotide by reversed phase chromatography, using the S'-protecting group as an affinity handle. 

The present inventbn accordingly provbes a unque solid support system that enables convenient and versatile 
synthesis and purificatbn of oligonucleotbes. It comprises a solb support arKi a silylated nucleosbe covalently bound 
to said support via one of the silicon substituents. 

35 The devebpment of this solid support system is of partbular significance. It enables convenient synthesis of oligo- 

nucleotides and facilitates purification of full length products. The purificatbn is simplified since contaminants that are 
formed as a consequence of acid-catalysed depurination during synthesis are removed while the product is still anchored 
to the support. This occurs during the deprotectbn step when all groups protecting different functions of the oligonucle- 
otide are renrx>ved, after synthesis has been completed. The product can at this stage be cleaved selectively by the 

^ action of tetraalkylammonium fluorides or hydroxbes and purified by chromatography on a simple RPC-cartridge. In 
addition, this solid support system can be used to facilitate the immobilization of DNA or RNA complementary to the 
sequence synthesized on the support. The large number of application of the solid support system from an affinity matrix 
point of view will be apparent to one skilled in the art. 



A wide range of porous as well as non-porous solid supports can be used as supports in methods according to the 



45 present invention. The group of preferred supports includes organic as well as inorganic materials and comprises pol- 
ystyrenes, cross-linked polystyrenes, silba, polysaccharides, cross-linked polysaccharides and various glasses. 

The solb supports should of course be stable to condrtbns used for oligonucleotbe synthesis and deprotection. 
They are derivatised to contain reactive groups necessary to effectuate covalent bonding of a nucleoside silyl ether via 
one of the silicon substituents. Reactive groups that can be used for this purpose are for instance hydroxy I, carboxyl 

50 amino, and thiol groups. Hydroxyl groups on the support may be reacted with a chlorosilane functbn of a derivatised 
nucleoside. Alternatively the support can be derivatised with amino groups whbh can be reacted with a carboxyl or 
epoxy group of one of the silicon substituents of the derivatised nucleoskJe. There are many other methods of attaching 
the silylated nucleoside to the support via one of the silicon substituents. This can be readily realized by one of ordinary 
skill in the art. Before the solid support system can be used to synthesize oligonucleotbes, reactive groups must be 
blocked on the support as well as the nucleoside. This is important in order to avoid sbe reactbns during synthesis. In 
the case of the nucleosbe this is easily accomplished by converting the exocyclic amines to amides or amidines and 
the 5'-hydroxyl group to the con-esponding dimethoxytritylether. Blocking of the reactive groups on the support will be 
dependent on the support system employed and will be apparent to one of ordinary skill in the art. 
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The solid support system of the present invention may have many embodiments. All of these however have one 
feature in common. They have a linkage between the first base and the solid support which is a silyl ether which can 
be cleaved by the action of tetralkylammonium fluorides (or their known equivalents), according to formula (1 ): 
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Wherein B is a nucleoside or deoxynucleoside base; R2 is -H,-OH, or OR5 in which R5 is a protecting group; is 
a protecting group; R3 and R4 taken separately each represent alkyi, aryl, cykloalkyi, alkenyl, aralkyi, ,cyctoalkylalkyl, 
alkyloxy, arytoxy, cycloalkyloxy, alkenyloxy and aralkyloxy; X is an anchoring group used for covalent bonding to the 
support which is represented by alkyI, aryl, cyctoalkyi, alkenyl, aralkyi, cyctoalkylalkyi, alkyloxy, arytoxy, cyctoalkytoxy, 

26 alkenyloxy, aralkyloxy and cyctoalkylalkytoxy; and S is a solid support. Taken together maximally one of R3, R4 and X 
represent alkytoxy, arytoxy, cyctoalkyloxy, alkenytoxy, aralkyloxy, and cycloalkylalkytoxy. Preferred are systems where 
R-, is atrityl. rTKXiomethoxy trityl, dimethoxytrityl or pixyl group, B is preferably adenine, guanine, cytosine, uracil, thymine, 
or inosine. Prefen-ed are also systenns in which one of R3, R4 and X is a tertiary alkyI or tertiary alkyloxy group. The 
other two of R3, R4 and X are preferably alkyI, aryl, alkytoxy. or aryloxy groups. More preferably R3 is an arylgroup, X 

30 is an alkyI or alkyloxy chain and R4 is a tertiary alkyI or tertiary alkytoxy group. Preferred systems of the present inventton 
are exemplified but not limited to the fol towing systems. 
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The present invention is illustrated by the foltowing examples. 
Example 1 

S5 Synthesis of 5'-0-Dimethoxytrityl-3'-0-(tert butyl-4-glycidoxyphenyl-phenyl)-silyl-2'-deoxythymidine and its attach- 

ment to a solid support derivatised with amino groups. 
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P-allyloxyphenvl-t-butyl-phenvl-chlorosilane (1 ) 

4-Bromophenyl-allylether (4,26 g, 20 mmol) was dissolved in 1 ,2-dinnethoxyethane (40 ml) under a nitrogen atmos- 
phere. The mixture was cooled to -TS^C (dry-ice/ethanol) and butyllithium (1 ,6 M in hexane, 20 mmol) was added while 
s stirring by pressurising the butyllithium-bottle with dry nitrogen. Soon after the addition a white precipitate was formed 
(4-lithio-phenyl-allyl-ether). After 30 min t-butyt-phenyl-dichlorosilane (4,66 g, 20 mmol) was added and the mixture was 
slowly allowed to reach room temperature. The resulting mixture was filtered over dry sodium sulfate (to remove lithium 
chbride) and evaporated to dryness on a rotary evaporator. The resulting oil was purified by fractional distillation, bp 
147-1 55**C (1 mm Hg), yield: 1,88 g (38 %). 

10 

5-0-Dimethoxvtritvl-3'-0(allyloxyphenvl-t-butvl-phenvl-silvl-2'-deoxvthvmidine (2) 

5'-0-dimethoxytrityl-2-deoxythymidine (1 ,09 g, 2,0 mmol) and imidazole (0,27 g, 4,0 xxxmoS) was coevaporated twice 
with dry pyridine (10 ml). The mixture was then dissolved in dry pyridine (25 ml). The monochlorosilane (1 ,0 g, 3,0 mmol) 
^5 vvas added and the reactbn was albwed to proceed at 50° C over night. The reaction was followed by TLC (toluene/ethy- 
lacetate 1:1). 

The reaction mixture was evaporated to dryness, dissolved in methylene chloride, washed with 10 % sodiumblcar- 
bonate, dried over sodium sulfate, filtered and evaporated. The resulting syrup was purified by flash chromatography 
(toluene/ethylacetate 3:1 containing 1 % pyridine). Yield: 1,50 g (89,5 %). 

20 

5'-0-DimethoxYtritvl-3'-0-(tert-butvl-p-glvcidoxvphenvl-phenvl)-silyl-2'-deoxvthvmidine (3 ) 

5'-0-Dimethoxytrityl-3'-0-((p-allyloxyphenyl)-tert-butyl-phenyl)-silyl-2'-deoxythymidine (0,50 g, 0,60 mmol) was dis- 
solved in chloroform (10 ml). Sodium bicarbonate (100 mg) was added to the stirred mixture followed by m-chbroper- 
25 bensoic acid (85 %, 120 mg, 0,60 mmol). The reaction was allowed to proceed at room temperature for several days. 
The mixture was diluted with chloroform and washed with 0,1 M sodium hydroxide, 0,5 M sodium bicarbonate, dried 
over sodium sulfate, and evaporated. 

The residue was then purified by flash chromatography (toluene-ethylacetate 4:1, containing 1 % pyridine). Yield: 
52 mg (10 %) as a mixture of stereoisomeres. 

30 

Attachment of Qlycidyl ether (3) to a solid support derivatised with primary amino groups (4) 

Glycidylether (3) (1 5 mg) was dissolved in ethanol (6 ml). This solution was added to amino derivatised polystyrene 
beads (500 mg, 200 |imol NHg/g). The suspensbn was shaken at 40*0 over night. The support was filtered and washed 
3S with ethanol (50 ml) and acetonitrite (50 ml). 

The support was susperxJed in acetonitrile (10 ml), and a mixture of 4-dimethylaminpyridine (3 % WA/), acetb 
anhydride (10 % VA/) and sym-collidine (15 % V/V) in acetonitrile (10 ml) was added in order to block excess primary 
amino groups on the support and the secondary amino groups generated by aminolysis of the glyckiyi ether. After 30 
min at room temperature the support was washed with acetonitrile, ethanol, and dried with diethylether. Dimethoxytrityl 
40 release from the support indicated a degree of substitution of 5,7 ^mol/g. 

Example 2 

Synthesis of 5'-0-Dimethoxytrityl-3'-0((p-glycboxy-phenyl)-tert-butyl-methyl)-sityl-2*-deoxythymidine and its attach- 
es ment to a solid support derivatised with amino groups. 

P-allyloxvphenyl-t-butvl-methyl-chlorosilane (5) 

4-BronrK>phenyl-allylether (8,7 g, 41 mmol) was dissolved in dry 1 ,2-dimethoxyethane (1 00 ml) under an atmosphere 
so of dry nitrogen. The mixture was cooled to -78** C (dry-be-ethanol). Butyllithium (1 ,6 M in hexane, 40 mmol) was added 
by pressurising the butyllithium bottle with dry nitrogen. Soon after the addition a white precipitate was formed 
(4-lithb-phenyl-allylether). After 30 min tert-butyl-methyl dichlorosilane (3,4 g, 20 mmol) was added dissolved in 
1,2-dimethoxyethane. The mixture was albwed to reach room temperature slowly. The solution was filtered over 
Na2S04. and evaporated to dryness. The residue was purified by fractional distillation to give the title compound (5). 
ss YiekJ:4,2gb.p.91-95'*C. 
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5'-0-Dimethoxvtritvl-3'-0((p-aNvloxvphenvl)-tert-butvl-methvl)-silvl-2'<ieoxvthvmidi^ (6) 



5'-0-Dimethoxytrityl-2'-deoxythymidine (1 ,0 g, 1 ,8 mmol) and imidazole (260 mg, 3.9 mmol) was coevaporated twice 
with dry pyridine (10 ml). T?ie residue was dissolved in dry pyridine (25 ml) and monochlorosilane (5) was added (0,73 
s g,2,7 mnrxjl). The reaction was allowed to preceed at 50'*C over night. The reaction mixture was evaporated to dryness, 
dissolved in methylene chloride, washed with sodiumbicarbonate (10 %), dried over sodium sulfate, filtered, and evap- 
orated. Purification by flash chromatography (toluene: ethyl acetate 3:1 containing 1 % pyridine gave (6), 0,28 g (18 %). 
The yield was low due to loss of 5'-Dimethoxylrityl-groups during evaporation prior to purification (evaporator contami- 
nated). 

10 

5'-0-Dimethoxvtritvl-3'-0(tert-butvl-fp-glvcick>xv-phenvl)-methvl)-silyl-2'-deoxvthvmidine (7) 

5'-0-Dimethoxytrityl-3'-0((p-allyloxyphenyl)-t-butyl-methyl)-silyl-2'-deoxythymidine (50 mg, 64 |jjtk>I was dissolved 
in chloroform (1 ml), Sodiumbicarbonate (1 1 mg, 1 30 ^imol) and m-chloroperbensoic acid (85 %, 1 3 mg, 64 fxmol) were 
^5 added and the reaction mixture was stirred at room temperature for several days (weekend). The reaction mixture was 
diluted with chbroform, washed with sodium hydroxide (0,1 M), washed with sodium bicarbonate (0,5 M), dried over 
sodium sulfate, filtered and evaporated to dryness. The residue was purified by flash chromatography to give (7) as a 
stereoisomeric mbrture. Yield: 4,6 mg (9 %). 

20 Attachment of glycidylether (7) to a solid support derivatised with amino groups (8) 

Glycidylether (7) (4,6 mg) was dissolved in ethanol (2 ml) and added to amino derivatised polystyrene beads (162 
mg). The reaction was allowed to proceed at 40'*C over night. The support was filtered and washed with ethanol and 
acetonitrile. The support was suspended in acetonitrile (3 ml) and a mixture of 4-dimethyl-aminopyridine (3 % WAO, 
2S acetic anhydride (10 % VA/), collldine (15 % V/V) in acetonitrile (3 ml) was added. After shaking at room temperature 
for 30 min the support was filtered, washed with acetonitrile. ethanol and dried with diethylether. Dimethoxytrrtyl release 
from the support indicated a degree of substitutbn of 5,0 jimol/g. 

Example 3 

30 

Synthesis of 5'-0-Dimethoxytrityl-3*-0-(tert-butyl-imidazolyl-phenyl)-silyl-2'-deoxythymidine and its attachment to a 
solid support derivatised vwth hydroxyl groups (9). 

5'-0-Dimethoxytrityl-2'-deoxythymidine (100 mg. 0,18 mmol) and imidazole (35 mg. 0.5 mnrK)l) was coevaporated 
twice with dry pyridine (5 ml). The residue was dissolved in dry pyridine (2,0 ml). After additk)n of t-butyl-phenyl-dichlo- 
35 rosilane (38 jil, 0,18 mmol) the reaction was allowed to proceed at room temperature for 2 h when TLC (toluene: ethyl 
acetate 1:1) revealed that the reaction was complete. The reaction mixture was added to polystyrene beads derivatised 
with hydroxyl groups (500 mg) which had prevkxjsly been washed with pyridine. The reaction mixture was shaken over 
night at room temperature. The support was filtered and washed with pyridine, ethanol and dried with diethylether. 

It was then treated with a mixture of 4-dimethyl-aminopyridine (3 % W/V), acetic anhydride (10 % V/V) and sym 
^ collkJine (5 % V/V) in acetonitrile (4 ml). After 15 min at room temperature the support was washed with acetonitrile, 
ethanol. and dried with diethylether. Dimethoxytrityl release from the support indicated a degree of substitution of 27 
^mol/g. 

Example 4 

45 

Synthesis of 5'-0-dimethoxytrityl-3^-0-(tert-butyl-(3-chk>ropropyl)-methyl)-silyl-2'-deoxythymidine and its attachment 
to a support derivatised with aminogroups. 

Tert-butvl-3-chloropropvl-mBthvl-chlorosilane (10) 

50 

3-chloropropyl-methyl-dichIorosilane (4,0 ml, 25 mmol) was dissolved in dry petroleum ether (20 ml) and cooled to 
0**C. Tert-butyl lithium (1,7 M in pentane, 15 ml, 25 mmol) was added under an atnrKJsphere of dry nitrogen. After the 
additkxi the reaction mixture was albwed to reach room temperature. After 1 h the reaction mixture was filtered over 
dry sodium sulfate (removal of lithium chforkje) and evaporated. Fractbnal distillatbn afforded pure (10), 3,9 g (73 %), 
55 bp: 68-72"C (5 mm). 
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5'-0-Dimethoxytritvl-3'-0-(teft-butvl-(3-chloropropvl)-methvl)-silvl-2'Kjeoxvthvm (1 1 ) 

5'-0-Dimethoxytrityl-2*-deoxythymidine (545 mg, 1 mmol) was evaporated twice with dry pyridine (5 ml). The residue 
was dissolved in dry pyridine (3 ml). Imidazole (150 mg, 2,2 mmol) and tert-butyl-(3-chloropropyl)-methyl-chlorosilane 
s (23 mg, 11 mmol) were added and the reaction mixture was stirred at 50**C over night. The mixture was evaporated to 
dryness and purified by flash chromatography (toluene: ethyl acetate 3:1 containing 1 % pyridine) to give pure (11 ), 0,54 
g (75 %) as a mixture of stereoisomeres. 

Attachment of S-chloropropyl-silyl ether (11) to a support derivatised with amino groups 

The 3-chbropropyl-sityl ether (11) (15 mg, 20 ^mol) was dissolved in N,N-dimethyl formamide (0,5 ml) containing 
a catalytic amount of tetra n-butyl-amnnonium Iodide. This solutbn was added to a solid support derivatised with amino 
groups polystyrene beads (100 mg). The mixture was shaken at 50''C over night. The support was filtered and washed 
with DMF, methanol, and dried with diethylether. It was then treated with a mixture of 4-dimethyl amino pyridine (3 % 
V/V), acetic anhydride (10 % VA/ and sym-collidine (15 % VA/)) in acetonitrile (4 ml). After 15 min at room temperature 
the support was filtered and washed with acetonitrile, ethanol and dried with diethyl ether. Dimethoxytrityl release from 
the support indicated a degree of substitution of 8 ^moi/g. 

Example 5 

20 

Svnthesis. deprotection and cleavage of oligonucleotides on support (4 ) 

Support (4) was packed in reaction columns for use in Gene Assembler™ Plus (20 mg, 0, 1 1 pmol). Oligonucleotides 
were synthesized using the standard 0,2 pmol reactbn cycle using PAC-amidites. Average coupling efficiencies were 

25 In the range of 99,0-99,5 % as judged by dimethoxytrityl release in the beginning on each cycle. The dimethoxytrityl 
group at the 5'-end was left Intact after completion of the synthesis. The reactbn column was placed in an Eppendorf 
tube and centrifuged for 1-2 min at 3000 rpm in order to dry the support. Concentrated amnnonia (1,0 ml) was added 
and the tube was centrifuged orrce nrvore in order to let the liquid penetrate the interior of the reactk>n column. The tube 
was heated at 70** C for 60 min. The reaction column was placed in a second tube and centrifuged. The ammonia 

30 solutbns were combined and analysed by reversed phase chromatography. It contained besides the protecting groups 
the shorter oligomeres carrying DMTr-groups resulting from cleavage of the apurinic sites formed during synthesis. The 
column reactor was washed with water, ethanol and dried with diethyl ether. Cleavage of the oligonucleotide from the 
support was accomplished by treatment with either 0,1 m TBAF in DMF (1 ,0 ml) at 70'*C for 30 min or 1 ,0 M NaOH (1 ,0 
ml) at 70"C for 15 min. 

35 

Example 6 

Purification of an oligonucleotide f18-mer) made on support (4) after cleavage with 0.1 M TBAF in DMF 

40 The TBAF solution (1 ,0 ml) was applied to an anion exchange column (Mono Q(^)) which had been equilibrated 

with 0,5 M iSlaCI. After washing with 0,5 M Nact (removal tetrabutylammonium ions and DMF) the oligonucleotide mixture 
was eluted with 3,0 M NaCI (2,5 ml). An aliquot of this mixture was analysed by reversed phase chromatography. Puri- 
fication was accomplished using a disposable RPC cartridge, and comprised the folbwing steps: 

45 1 . Loading of the oligonucleotide. 

2. Washing with acetonitrile (16,5 %) in 0,1 M triethyl ammonium acetate, pH 7,0. This removes all nnaterial without 
DMTr-groups. 

so 3. Washing with water. 

4. Treatment with 1 % TFA/H2O for 4 min. in order to rerrKJve the 5'-DMTr-group. 

5. Washing with water. 

55 

6. Elution of the product with acetonitrile (16,5 %) in 0,1 M triethyl ammonium acetate, pH 7,0. 
The purified material was then analysed by RPC, to give a homogenous product. 
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Example 7 

Purification of two oligonucleotides (20 and SO-meres) made on support (4) after cleavage with 1 .0 M NaOH 

Aliquots of the NaOH-solutions were analysed directly by reversed phase chromatography. The 50-mere was pu- 
rified using a disposable RPC-cartridge (see Example 6). The purified material was then analysed by reversed phase 
chromatography to give a nearly (>97 %) homogenous product. 

References 

1. R.W. Ellis, Pharmaceutical Research. 3 (1986) 195. 

2. J.W. Engels, E. Uhlmann, Angew. Chem. Int. Ed. Engl. 28 (1989) 716. 

3. G. Zon, Pharmaceutical Research. 5 (1988) 539. 

4. M.J. Gait, Oligonucleotide synthesis - a practical approach, IRL press, Oxford, England. 

5. R.B. Merrifield, J. Am. Chem. Soc. 85 (1963) 2149. 

6. S.L. Beaucage, M.H. Caruthers, Tetrahedron Lett. 22 (1981) 1859. 

7. N.D. SInha, J. Biemat, H. Koster, Tetrahedron Lett. 24 (1983) 5843. 

8. J.C. Shulhof. D. Molko, R. Teoule, Nucleic Acids Res. 15 (1987) 397. 

9. B.C. Froehler, P.G. Ng, M.D. Matteucci, Nucleic Acids Res. 14 (1986) 5399. 

10. P.J. Garegg, I. Lindh, T. Regberg, J. Stawinski, R. Stromberg, C. Henrichsson, Tetrahedron Lett. 27 (1 986) 4051 . 

11. A.M. Michelson, AR. Todd. J. Chem. Soc. (1955) 2632. 

12. H. Schaller, H.G. Khorana, J. Am. Chem. Soc. 85 (1963) 3828. 

Claims 

1 . Support system for the synthesis of oligonucleotides characterized in that the first nucleoside is bound to the support 
via a sitylether linkage. 

2. Support system according to claim 1 , characterized by having the formula 




wherein 

B is a nucleoside or deoxynucleoside base. 



9 



EP 0 514 513 B1 

is a protecting group. 
R2 is -H, -OH, or -OR5, in which Rs is a protecting group. 

R3, R4 and X each represent all<yl, aryl, cycloalkyi, alkenyl, aralkyl, cycloallcylalkyi, alkyloxy, aryloxy, cycloalky- 

bxy, alkenyloxy, aralkyioxy. 
S is a solid support, 

whereby not more tlian one of R3, R4 and X represent allcyloxy, aryloxy, cycloalkyloxy, alkenyloxy, aralkyioxy or 
cycloalkylalkyloxy. 

3. Support system according to claim 2, characterized in that 

R^ is trityl, monomethoxy trityl, dimethoxytrityl or pixyl. 

B is adenine, guanine, cytosine, uracil, thymine, or inosine. 

4. Support system according to claims 2 or 3 characterized in that 

R3 is an aryl group. 

X is an alky 1 or al ky k>xy chain . 

R4 is a tertiary alkyt or tertiary alkyloxy group. 

5. Method for synthesis of oligonucleotides on a solid support (S) characterized in that the first nucleoside is bound 
to the solid support (S) via a silylether linkage, and by the folk>wing steps 

(i) cortdensatkxi of nucleotkies onto the first nudeoskie 

(ii) removal of all protecting groups on the oligonucieotkJe except the 5'-protecting group and cleavage of apurinic 
sites formed during ackJ-catalysed deprotectbn 

(iii) selective cleavage of the oligonucleotkJe from the support 

(iv) purification of the oligonucleotide by reversed phase chromatography, using the 5'-protecting group as an 
affinity handle. 

6. Method according to claim 5. characterized in that the 5' -protecting group is dimethoxytrityl. 

7. Method according to claim 6, characterized in that the cleavage reaction (iii) is carried out by using tetraalkylam- 
monium fluoride or hydroxkie. 

8. Method according to any of claims 5-7 characterized in that a support system of any of clainr^ 2-4 is utilized. 



Patentanspruche 

1. Tragersystem fur die Synthese von Oligonucleotiden, dadurch gekennzelchnet, daB das erste NucleoskI an den 
Trager uber eine Silytetherbindunq gebunden ist. 

2. Tragersystem nach Anspruch 1, dadurch gekennzelchnet, da3 es die Formel 
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besitzt, worin 



B fur etne Nucleosid- Oder Desoxinucleosidbase steht, 

20 fur eine Schutzgruppe steht, 

R2 fur -H, -OH Oder -OR2 steht, wobei R5 eine Schutzgruppe bedeutet. 

R3, FI4 und Xjeweils fur AlkyI, Aryl, CycloalkyI, Alkenyl, AralkyI, CycloalkylalkyI, Alkyloxy, Arytoxy, Cycloalkytoxy, 
2S Alkenyloxy, Aralkyloxy stehen, 

S fur einen festen Trager steht. 

mit der MaQgabe, daB nicht mehr als eine der Subst'rtuenten R3, R4 und X Alkyloxy, Arybxy, Cycksalkybxy, Alke- 
30 nyk>xy, Aralkybxy oder Cycloalkylalkybxy bedeuten. 

3. Tragersystem nach Anspruch 2, dadurch gekennzelchnet, da3 
Ri fur Trityl, Monomethoxytrltyt, Dimethoxytrltyl oder Pixyl steht, 

35 

B fur Adenin, Guanin, Cytosin. Uracil. Thymin oder Inosin steht. 

4. Tragersystem nach den Anspruchen 2 oder 3, dadurch gekennzelchnet, da3 
"fO R3 eine Arylgruppe bedeutet, 

X eine AlkyI- oder Alkyloxykette bedeutet, 

R4 eine tertlare AlkyI- oder tertiare Alkyloxygruppe bedeutet. 

45 

5. Verfahren zur Synthese von OligonucleotkJen auf einem festen Trager (S), dadurch gekennzelchnet, daO das 
erste Nucleosid an den festen Trager (S) uber eine Silyletherblndung gebunden wird und dadurch, daQ es die 
folgenden Stufen umfafM: 

so (i) Kondensation von Nucleotiden auf das erste Nucleosid, 

(ii) Entfemen aller Schutzgruppen an denn Ollgonucleotkd, ausgenomnnen der 5'-Schutzgruppe, und Abspalten 
von depurinierten Stellen, die wahrend des saurekatalysierten Abspattens der Schutzgruppen gebildet worden 
sind. 

55 

(iii) selekttves Abspalten des Oligonucleotkis von dem Trager, 

(iv) Relnigen des Oligonucleotids durch Umkehrphasenchromatographie unter Verwendung der 5'-Schutz- 
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gruppe als einen Affinrtatshenkel. 

6. Verfahren hach Anspruch 5, dadurch gekennzeichnet, daB die 5'-Schiitzgruppe Dimethoxytrityl ist. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB die Abspaltungsreaktion (iii) unter Venwendung von 
Tetraalkylammoniumfluorid oder -hydroxid durchgefuhrt wird. 

8. Verfahren nach einem der Anspruche 5 bis 7, dadurch gekennzeichnet. daB ein Tragersystem nach einem der 
Anspruche 2 bis 4 verwendet wird. 

Revendlcatlons 

1. Syst^me de support pour [a synthase d'otigonucl^otides. caract6ris6 en ce que le premier nucleoside est \\6 au 
support par une liaison sityl6ther. 

2. Systdme de support suivant la revendication 1 , caract6rls6 en ce qu'il r6pond k la formule 




dans laquelle 

B repr6sente une base de nucleoside ou d6soxynucl6oslde. 

R., represents un groupe protecteur. 

R2 repr^sente -H, un groupe -OH ou -ORg, dans lequel R5 repr^sente un groupe protecteur. 

R3. F(4 et X repr^sentent chacun un groupe alkyle, aryle, cycloatkyle, alc^nyle. araikyle. cyck>alkylalkyle. alk- 

yloxy, arytoxy, cyctoalkyloxy, ak;6nytoxy ou aralkytoxy. 
S repr^sente un support solide. 

pas plus d'un des groupes R3. R4 et X ne reprdsentant un groupe alkytoxy, aryloxy, cycloalkyloxy. ak;6nyloxy, aralk- 
yloxy ou cycloalkytalkyloxy. 

3. Systdme de support suivant la revendicatk>n 2, caracteris6 en ce que 

Ri represents un groupe trityle, rTK>nom6thoxytrityle, dimethoxytrityle ou pixyle. 
B reprdsente I'adenine. la guanine, la cytosine, i'uracile, la thymine ou I'inosine. 

4. Systdme de support suivant la revendication 2 ou 3, caractdrise en ce que 

R3 reprdsente un groupe aryle. 

X represente une chaTne alkyle ou alkyloxy. 

R4 represente un groupe tertio-alkyle ou tertlo-alkyloxy. 

5. Procede pour la synthase d'oligonucl6otktes sur un support solkJe (S), caracteris6 en ce que le premier nucleoside 
est lie au support solide (S) par une liaison silyiether, et par ta mise en oeuvre des etapes suivantes 
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(i) condensatbn de nucl^tides sur te premier nucleoside 

(11) Elimination de tous les groupes protecteurs sur l'oligonucl6otide ^ t'exception du groupe protecteur en 5' et 
clivage des sites apurlnlques formes au cours de t'elimination de la protection catatysEe par un acide 
(iii) clivage sElectif de I'ollgonucltotide du support 
5 (iv) purification de rollgonuclEotlde par chromatographie k phase inversde, en utilisant Is groupe protecteur en 

5' comme manche rfaffinitd. 

6. ProcddE suivant la revendication 5. caractdris6 en ce que le groupe protecteur en 5' est un groupe dimEthoxytrityle. 

10 7. ProcEdd suivant la revendication 6, caract6ris6 en ce que la reaction de clivage (iii) est condurte au moyen d*un 
fluorure ou hydroxyde de t6tra-allcytammonium. 

8. Proc4d6 suivant Tune quelconque des revendications 5^7, caract^rlse en ce qu'un syst^me de support suivant 
I'une quelconque des revendications 2 d 4 est utilise. 

15 
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